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ABSTRACT

Examples of both narrow and broad region dispersion analysis

for long-period surface waves are presented. Narrow region dispersion anal-

A AR I RS RO ¢ T

ysis of Kuriles/Kamchatka earthquake signals recorded at Guam, by means of
moving-window maximum entropy spectral analysis, indicates strong multi-

pathing in the 3.0 to 4.5 km/sec group velocity range, causing poor polariza-

e

tion filter performance. In contrast, between 2.0 and 3. 0 km/sec the signals
are well defined, resulting in a good polarization filter response. The dis-

persion for this region seems quite diverse.

Broad region dispersion models for the North American and
Asian continents were generated using previously reported group velocity data
for Nevada Test Site and Eastern Kazakh presumed nuclear explosion signals
recorded at world-wide stations. These models facilitate frequency-dependent

surface wave magnitude measurement.

Neither the Advanced Research Projects Agency nor the Air Force
Technical Applications Center will be responsible for information contained
herein which has been supplied by other organizations or contractors, and this
document is subject to later revision as may be necessary. The views and con-
clusions presented are those of the authors and should not be interpreted as
necessarily representing the official policies, either expressed or implied, of

the Advanced Research Projects Agency, the Air Force Technical Applications
Center, or the US Government.
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SECTION I
INTRODUCTION g

A high-resolution dispersion analysis algorithm was developed
during a study on the feasibility of time-variant, dispersion-related filtering
(DRF) of long-period (LP) surface waves (Unger, 1976). In preparation of an
attemnpt to evaluate this DRF on a large, regional data base, the dispersion ,
analysis algorithm was applied to the waveforms of five strong events in the !
Kuriles- Kamchatka region. These five events were recorded at the Seismic

Research Observatories (SRO) station GUMO at Guam (A~30°).

The dispersion analysis for this region-station combination
bears directly on the LP surface wave polarization results obtained for fhe
same data base (Strauss, 1978). The quality of the latter results, i.e., improve-
ments over bandpass filtering of approximately 0. 5 Ms in both detection and
Ma measurement capability, equals or exceeds those projected for a LP phase
detector (Unger, 1978) and for the DRF (Unger, 1976). Moreover, the DRF can
only be applied to regional data, since it operates with regional dispersion
curves. In contrast, the polarization filter can be applied universally, and its

operation can possibly be automated with relatively little effort. Further eva-

A A SRR

luation of the DRF in its present form, therefore, was halted. Instead, broad
dispersion models were composed for the Asian and North American contin-
ents from data reported by Sun (1977). Based on these models, R. L. Sax
conceived a different form of DRF for the special purpose of measuring fre-
quency-dependent surface wave magnitudes in corresponding group velocity
windows. This algorithm is being applied in the evaluation of a multivariate

discrimination package (Sax et ai., 1978).
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In Section II of this report, we discuss the Kuriles-Kamchatka-

et

P

to-Guam dispersion data, and their effect on LP surface wave polarization fil-

tering. Section III describes the composition of the broad-region dispersion

P ity

models, and the ensuing special purpose DRF algorithm. The report is sum-

marized in Section IV and related material is listed in Section V.
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SECTION II
KURILES/KAMCHATKA-GUAM DISPERSION

The moving-window maximum entropy spectral analygis program
(Unger, 1976) was applied to the vertical Rayleigh waves of five strong events in
the Kuriles-Kamchatka region, recorded at GUMO. The path is purely oceanic.
The waveforms were low-pass filtered with a fourth-order Butterworth filter
with a cut-off frequency of 0. 06 Hz. The sample interval is 8 seconds. The
length of the moving window is 20 samples (160 sec), and the number of corre-
lation lags used in the maximum entropy spectrum generation is 6 samples
(48 sec). These parameters were found to give the most plausible results in

the DRF feasibility study (Unger, 1976). s e

The results are presented in Figure II-1 which shows the 8 sec-
ond sampled waveform, the time-variant spectra, and the group velocity curves,
respectively. The solid curves represent the relative spectral power of wave-
form windows centered 80 seconds apart. The spectral power is in the direc-
tion of the time axis. The origin level of each spectrum is at the indicated tra-
vel time. The bar above the spectra is the spectral power dB scale relative to

the spectral power origin level annotated below each figure.

Figure II-2 is a composite of the five group velocity curves of

Figure II-1, for velocities between 2.0 and 5.0 km/sec.

The fragmented character of the dispersion curves, in particu-
lar in the 3.0 to 4.5 km/sec range, suggests a strong multipathing effect at
the lower frequencies (0.02 to 0. 04 Hz). There is some consistency in the dis-
persion branches between 2.0 and 3.0 km/sec, where the waveforms fluctuate

in frequency only between 0, 045 and 0. 055 Hz.
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The polarization filter results (Strauss, 1978), displayed for the
five events analyzed in Figure II-3, show a rather weak response for the 3.0
to 4.5 km/sec velocity range. The response is much etronger between 2.0
and 3,0 km/sec. This is plausible, since multipathing would destroy the
phase angle relationship on which the polarization filter operates. The polar-
ization filter evaluation showed furthermore, that for this data base the cas-
cading of a bandpass filter and the polarization filter, in that sequence, per-
formed superior to cascading a Wiener filter and the polarization filter, res-
pectively. This is in contrast with earlier findings by Lane (1977). A proba-
ble reason for this effect is the fact that Lane's Wiener filter operates with a
composite signal spectrum model. The above spectral analysis shows that the
signal spectra probably are too diverse to enable the composition of an effi-

cient signal spectrum model.

Since the DRF presumably is uot as sensitive to multipathing
effects as is the polarization filter, it is possible that, for this data, the DRF
would perform better than the bandpass-polarization filter combination between
3.0 and 4.5 km/sec. This could be further analyzed. However, the bandpass-
polarization filter seems to satisfy the present needs. The bandpass-polari-
zation filter seems capable of accurately measuring 20-second surface wave
magnitudes at an event magnitude level which is approximately 0.5 M. lower
than the M. measurement capability of bandpass filtering. This capability ex-
tends the M.- my relationship for 20-second surface wave magnitudes into

the lower magnitudes by 0.5 M_ in a reliable manner (Strauss, 1978).
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SECTION III
BROAD-REGION DISPERSION 3

Broad-region dispersion models were composed for the Asian

S T

Bl e ey Beee e

and North American continents from group velocity data obtained by Sun (1977)
from a variety of stations for eastern Kazakh (EKZ) and Nevada Test Site (NTS)

presumed nuclear explosions. Sun's data base consisted of 16 NTS events and

el

8 EKZ events, recorded at ALPA, LASA, and NORSAR, and at stations of the
SRO, VLPE, and SDCS networks, with epicentral distances ranging from 8o to

b e |

138°. The results are presented in Figures III-1 and III-2. Each dot repre-
sents a group velocity measurement for one event-station pair. The disper-
sion models are described by exponential functions as indicated in the figures;
these functions were fit empirically to cover the range of group velocity mea-

surements between 0,02 and 0.10 Hz.

A special form of DRF for the specia! purpose of measuring

frequency-dependent surface wave magnitudes can now be realized (Sax et al.,

el o B B

1978). A bank of narrowband filters, covering the frequencies of interest, is

AA-..—...‘-,‘W—A—V,mw~444‘f¢<w_..“7~‘<.,.__._m
5

applied to the input waveform. For each center frequency an expected arrival

L time window is computed from the broad-region dispersion model. From each
: narrowband filter output the surface wave magnitude is then determined from
: L the corresponding waveform window.
e Of course, there is considerable spread (on the order of + 0.5
L km/sec) in the measured group velocities. Consequently, the resulting group
' . velocity windows represent rather broad arrival time estimates. Neverthe-
I, less, these models should facilitate the measurement of frequency-dependent
L { surface wave magnitudes for given broad regions.




(098 /uny) £315019A dnoan

(098 /uny) £310019A dnoan

T - S— s w—t V—
2
o (o]
HH m “ — oee mn. oo lll m
u nr Wi — - : ) s ‘o S
. o o [y
o I A ! e
N I o I |
3 5 s g
% S L
S : 4 ) | IS A
= | =) o =) A
S | | iy | / %
: )
e | ° | oy =
< / . ° o 15~ B
: S8 / G e
~ / o X 5 M sZ
) / > ] / P4 R
. 9 - " %o oo o £ w
e “ § &g/ - e e B b
3 > / > & >/ / « I x m H
0 * P w J. b ) (G & D 0
B £ s = 2 it S el O R
= - z / [
\ \'.. 200 osoe .0 .\ T
. \. *. . 08 00 L . . \ m
. \ oo . \. e . ” oo . .\ z
J g S vgs TR L S B
. gl e T WY e S c (o] ;
L < e g % . S |
5 <
b4 m.v. =
) T T 4 o. AW R-« M‘ o o m
Ly, - o . . . . n‘a A
< <« ) N < “ o m
[:4
O
z




Group Velocity (km/sec)

Group Velocity (km/sec)

4.5 1 EKZ-Love
v(f) = 3.0+ 0.75 o 20150000, 5 4
4.0 -
- 3.5 4
3.0+
Z. 5 1] Ll L L} 1
0. 00 0. 02 0. 04 0. 06 0. 08 0.10
Frequency (Hz)
4.0 - EKZ-Rayleigh
\
NS v(f) = 2.75 + 0,75 ¢ 40£-0.02), o 4
3.5 4
3.0 4
2.5 T T T T |
0. 00 0.02 0.04 . 0. 06 0.08 0.10
Frequency (Hz)
FIGURE III-2

ASIAN CONTINENT DISPERSION FOR WORLD-WIDE STATIONS
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SECTION IV
SUMMARY

Examples of both narrow- and broad-region dispersion analy-
sis have been presented. The narrow-region dispersion analysis for long-
period surface wave propagation from Kuriles/Kamchatka to Guam shows con-
siderable multipath structure in the 3.0 to 4.5 km/sec group velocity range.
This multipathing jeopardizes polarization filter performance. In contrast,
between 2.0 and 3.0 km/sec the 0. 045 to 0. 055 Hz frequency band signals are
well defined, resulting in good polarization filter results (Strauss, 1978).
These results seem to equal or surpass those projected for dispersion-related
filtering (Unger, 1976). However, in the case of multipathing it is possible
that a narrowband filtering process, such as dispersion-related filtering or
variable-frequency magnitude measurement (Sax et al. ,. 1978) perform better

than polarization filtering; this needs further verification.

Broad-region dispersion models for the Asian and North Amer-
ican continents, generated from EKZ and NTS group velocity measurements,

facilitate frequency-dependent surface wave magnitude measurements.
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